1. Introduction
===============

Colorectal cancer (CRC) is one of the most common malignant tumors of the digestive system, and the morbidity and mortality of the disease are increasing worldwide.^\[[@R1]\]^ Due to the extreme difficulty involved in the diagnosis of CRC in its early stages and the shortage of simple and noninvasive detection tools, CRC is diagnosed in its advanced stages for most patients. Thus, the goal of our study is to develop a detection method with high sensitivity and specificity for the early diagnosis of CRC. MicroRNAs are single stranded, short (usually 18--22 nt), evolutionarily conserved, endogenous, and noncoding RNA molecules.^\[[@R2]\]^ At present, more than 2500 microRNAs have been found in the human genome. These microRNAs are involved in gene expression regulation for approximately one-third of the human genome; additionally, microRNAs participate in the cell growth, proliferation, differentiation and apoptosis processes^\[[@R3]\]^ and affect insulin secretion and various skeletal muscle-, brain- and heart-related processes.^\[[@R3],[@R4]\]^ MicroRNAs can serve as noninvasive tumor markers for the early diagnosis and prognostic evaluation of CRC.^\[[@R5]\]^ Since microRNAs had the potential for use as regulators of the biological activities described above, gene chip technology was used to analyze colorectal cancer (C) and cancer-surrounding tissues (CS) from patients in 9 different stages. The microRNA expression profiles were obtained, and the identified microRNAs from both groups were screened to ultimately predict their target genes via bioinformatics analysis. KOBAS (KEGG Orthology-Based Annotation System) was employed to evaluate the differentially expressed microRNAs, analyze the target gene-related pathways and their functions in the disease, identify the significantly enriched GO (gene ontology) terms, and analyze the metabolism and signaling pathways. The results provide an innovative method for the early diagnosis and prognostic evaluation of CRC.

2. Materials and methods
========================

2.1. Patients and tissue materials
----------------------------------

A total of 35 cases of colorectal cancer patients from the Department of Anorectal Surgery of Gansu Provincial Hospital were collected from April to June in 2016. Nine patients were selected. Both cancer tissues and cancer-surrounding tissues were collected. The normal surrounding tissues were located 5 cm from the edge of the patients' cancer tissues, and each piece weighed approximately 300 mg. First, the specimens were placed in prepared frozen storage tubes and immediately immersed in a liquid nitrogen tank. For long-term preservation, the samples were stored at −80°C. The patients approved the use of the samples for this experiment. A microarray was used to detect the microRNA expression profiles of CRC. Five patients were male, and the other patients were female. There were 5 cases in the primary stage of the disease (3 males and 2 females) and 4 cases in the late cancer stages (2 males and 2 females). All of the patients were diagnosed and staged based on the references.^\[[@R6]\]^ The criteria for patient selection were as follows: the postoperative pathological diagnosis was clear adenocarcinoma; the preoperative imaging examination revealed no distant metastasis or other multiple cancers; the postoperative pathological stage of the tumor (TNM) staging was I, IIa, IIb and III, including I, IIa, and IIb for the primary stages and III for the advanced stages; the patients had no serious diseases of the heart, liver, brain, lung, or kidney or other diseases; and no patients received radiotherapy, chemotherapy or molecular targeted therapy prior to surgery. All patients were approved by the hospital\'s ethics committee.

2.2. Methods
------------

Total RNA extraction and quality inspection of all samples were performed by CapitalBio Technology Corporation. The samples were analyzed by the Affymetrix microarray company for quality inspection.

### 2.2.1. Comparison of the similarities between samples from different stages and gene chip detection

Gene chip detection of the CRC samples was performed by the CapitalBio Technology Corporation. Box-whisker plots were used to analyze and compare the normalized expression values between different stages, and the AGCCC software (Affymetrix Gene Chip Command Console Software) was used to transform each sample\'s fluorescence by scanning images from this experiment. The RMA algorithm was used to preprocess the data,^\[[@R7]\]^ and a correlation analysis of the preprocessed data was performed (Fig. [1](#F1){ref-type="fig"}A) to evaluate the similarity between the samples and to determine whether samples from different stages were grouped as expected.

![(A) Cluster data for all samples. In the diagram, each column represents a sample, and each row represents the degree of miRNA expression. (B) Box-whisker plots for all samples. In the image, the blue represents the cancer tissues, whereas red represents the cancer-surrounding tissues. C = cancer tissues, CS = cancer-surrounding tissues.](medi-97-e9635-g001){#F1}

### 2.2.2. Detection of differentially expressed miRNAs in different disease stages

An Affymetrix miRNA 4.0 Array was used to detect the microRNA expression profiles of the samples in different stages and to characterize the up- and downregulated target genes. Then, the Affymetrix Expression Console and Affymetrix Transcriptome Analysis Console (TAC) were used to analyze the differentially expressed genes. A minimum of 3 experiments was performed. The SAM (significance analysis of microarray) R package was used to analyze the expression profiles of the differentially expressed genes. The screening criteria for the differentially expressed genes were as follows: a *Q*-value no higher than 5% and a fold change larger than 2 or less than 0.5.

### 2.2.3. KOBAS (KEGG Orthology-Based Annotation System)

KOBAS was used to predict the target gene-related pathways and their functions in the disease process, to identify the significantly enriched GO terms and pathways, and to analyze the metabolic and signaling pathways of these target genes.

3. Results
==========

3.1. Quality inspection of all samples at different stages
----------------------------------------------------------

The RNA purity was evaluated in all samples as follows: the A260/280 was at least 1.70; the amount of total RNA larger than or equal to 1 mg; and all samples were in accordance with the requirements for miRNA expression profiling (Table [1](#T1){ref-type="table"}).

###### 

The results of quality inspection for all samples.
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3.2. Similarity comparisons between samples at different stages
---------------------------------------------------------------

The box-whisker plot (Fig. [1](#F1){ref-type="fig"}B) shows that the total gene expression levels in the different stages and different samples were essentially the same after normalization and that all of the samples had good consistency. According to the correlation of the expression patterns of the samples, a sample number more than 3 indicated that the samples would be clustered (Fig. [1](#F1){ref-type="fig"}A). Based on the top of the tree diagram and the expected color block, the actual clustering behaviors of the cancer tissues and cancer-surrounding tissues were better in all stages. The sample differences were small and were in accordance with the expected grouping.

3.3. Detection of differentially expressed genes in different stages and regulation of target genes by microRNAs
----------------------------------------------------------------------------------------------------------------

A total of 368 microRNAs with different expression profiles were screened out from the CRC samples at different stages. First, upon comparing the primary cancer-surrounding tissues (PCS) with the late cancer-surrounding tissues (LCS) (Fig. [2](#F2){ref-type="fig"}A), neither upregulated nor downregulated miRNAs were identified. Second, upon comparing the cancer tissues (C) with the cancer-surrounding tissues (CS) (Fig. [2](#F2){ref-type="fig"}B), 275 upregulated and 89 downregulated miRNAs were detected (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}     ). Third, upon comparing the primary cancer tissues (PC) with the late cancer tissues (LC) (Fig. [2](#F2){ref-type="fig"}C), 4 downregulated and no upregulated miRNAs were detected (Table [4](#T4){ref-type="table"}). In these experiments, a total of 3972 genes were regulated by the identified microRNAs. The regulated targeted miRNAs included 275 significantly upregulated miRNAs and 93 downregulated miRNAs, accounting for 6.92% and 2.34% of the total, respectively.

![(A) The scatter plot of signal values compared PCS with the LCS. (B) The scatter plot of signal values compared C with the CS. (C) The scatter plot of signal values compared PC with the LC. C = cancer tissues, CS = cancer-surrounding tissues, LC =  later cancer tissues, LCS = later cancer-surrounding tissues, PC = primary cancer tissues, PCS = primary cancer-surrounding tissues.](medi-97-e9635-g003){#F2}

###### 

Compared to C and CS, the number of differentially upregulated genes.
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###### 

Compared to C and CS, the number of differentially upregulated genes.
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###### 

Compared to C and CS, the number of differentially upregulated genes.

![](medi-97-e9635-g006)

###### 

Compared to C and CS, the number of differentially upregulated genes.
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###### 

Compared to C and CS, the number of differentially upregulated genes.
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###### 

Compared to C and CS, the number of differentially downregulated genes.
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###### 

Compared to C and CS, the number of differentially downregulated genes.
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###### 

Compared to PC and LC, the number of differentially downregulated genes.
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3.4. GO enrichment and pathway analysis results
-----------------------------------------------

KOBAS analysis was conducted for the target genes and their potentially related diseases and pathways.^\[[@R8]\]^ The analysis predicted target genes associated with MPS3 (mucopolysaccharidosis type III), prostate cancer and CRC (Fig. [3](#F3){ref-type="fig"}A) in the comparison of the PC and LC tissues. The pathway analysis (Fig. [3](#F3){ref-type="fig"}B) indicated that these target genes were related to the Wnt, prolactin, insulin, and Ras signaling pathways. Upon comparing C with CS, the target genes were predicted in the tumor, skin, and soft tissue disease categories (Fig. [4](#F4){ref-type="fig"}A). The pathway analysis (Fig. [4](#F4){ref-type="fig"}B) showed that the target genes were mainly related to the thyroid hormone signaling pathway, proteoglycans in cancer, Wnt signaling pathway, choline metabolism in cancer, cAMP signaling pathway, T cell receptor signaling pathway, AMPK signaling pathway, and TNF signaling pathway. After conducting the significance analysis of GO terms for the target genes (<http://www.geneongoloty.org/>), we obtained the corresponding significant GO terms and their genes. Figure [5](#F5){ref-type="fig"} indicates that in the biological process category, the targeted genes were mainly related to metabolic processes, anatomical structure development, positive regulation of biological processes, and positive regulation of cellular processes. In the cellular component category, the target genes were mainly related to intracellular components, cytoplasm, organelles and membrane-bounded organelles. In the molecular function category, the target genes were mainly related to the aspects of binding, protein binding, ion binding, anion binding, small molecule binding, enzyme binding, and nucleoside phosphate binding. Figure [6](#F6){ref-type="fig"} shows that the target genes with biological process terms were mainly related to the positive regulation of biological processes, positive regulation of cellular processes, regulation of cell communication, and multicellular organismal development. In the cellular components category, the target genes were mainly related to intracellular components, cytoplasm, intracellular organelles, neurons, cytoplasmic structures, and membrane-bounded organelles. In terms of molecular functions, the targeted genes were mainly related to the aspects of protein binding, enzyme binding, ion binding, zinc ion binding and protein domain-specific binding.

![(A) Significantly enriched KEGG-DISEASE terms (top 30). Following comparisons of the PC and LC samples, the target gene annotation results were analyzed in the KEGG-DISEASE database. (B) Significantly enriched KEGG-PATHWAY terms (top 30). Following comparisons of the PC and LC samples, the target gene annotation results were analyzed in the KEGG-PATHWAY database. LC =  later cancer tissues, PC = primary cancer tissues.](medi-97-e9635-g012){#F5}

![(A) Significantly enriched KEGG-DISEASE terms (top 30). Following comparisons of the C and CS samples, the target gene annotation results were analyzed with the KEGG-DISEASE database. (B**)** Significantly enriched KEGG-PATHWAY terms (top 30). Following comparisons of the C and CS samples, the target gene annotation results were analyzed with the KEGG-PATHWAY database. C = cancer tissues, CS = cancer-surrounding tissues.](medi-97-e9635-g013){#F3}

![Significantly enriched GO terms (top 30). The GO (gene ontology) annotation results following comparisons of the C and CS samples. C = cancer tissues, CS = cancer-surrounding tissues, GO = gene ontology.](medi-97-e9635-g014){#F4}

![Significantly enriched GO terms (top 30). Following comparisons of the PC and LC samples, the target gene annotation results from the GO (gene ontology) analysis are shown. GO = gene ontology, LC =  later cancer tissues, PC = primary cancer tissues.](medi-97-e9635-g015){#F6}

4. Discussion
=============

The occurrence of colorectal cancer is commonly due to multistep, multifactor, and polygenic effects and involves changes in multiple oncogenes and tumor suppressor genes.^\[[@R9]\]^ In this study, we evaluated 9 pairs of C and CS tissues in different stages using gene chip technology and obtained a number of target genes that were differentially expressed due to regulation by microRNAs. Previous studies showed that abnormal microRNA expression profiles were related to the occurrence and development of many tumors, including colorectal cancer.^\[[@R10],[@R11]\]^ In this study, 275 upregulated and 93 downregulated miRNAs were screened out by comparing C with CS, no upregulated miRNAs and 4 downregulated miRNAs were identified by comparing PC with LC, and neither upregulated nor downregulated miRNAs were identified by comparing PCS with LCS. In the above 3 groups of comparisons, a total of 3972 miRNAs were regulated by microRNAs. Among the differentially regulated genes, 275 and 93 genes were up- and downregulated by the miRNAs, respectively. The microRNA expression profiles were not only different between C and CS but were also between the different CRC stages. Some researchers have suggested that the microRNA expression profile in CRC is significantly different from the profile in the surrounding tissues.^\[[@R12],[@R13]\]^ Qiu et al^\[[@R14]\]^ also confirmed that miRNA-21 expression was related to the TNM stage and suggested that the later TNM stages were associated with higher miRNA-21 expression levels. Furthermore, some studies^\[[@R15],[@R16]\]^ showed that specific microRNAs were associated with the TNM stage of the tumor and suggested that microRNAs might be used for prediction of the tumor prognosis. In different stages of CRC, the microRNA families were associated with CRC-related genes and pathways, participated in tumor-related signaling pathways, and regulated the expression profiles of target genes and biological processes, such as cell proliferation and apoptosis, among others. Other studies showed that^\[[@R17],[@R18]\]^ microRNA alterations in cellular pathways affected the susceptibility and progression of diseases, inhibited or induced the expression of messenger RNAs, and ultimately affected the occurrence of oncogenes and tumor suppressor genes.

The KEGG-Disease analysis revealed that target genes in different stages of cancer were mainly related to tumor occurrence and development, and CRC was no exception. The abnormal regulation of microRNAs in different stages of CRC tissues often leads to the occurrence of many diseases, including tumor invasion and metastasis.^\[[@R19],[@R20]\]^ MicroRNAs regulate the expression of multiple target genes and participate in the regulation of normal physiological processes and tumor cell occurrence, development, and invasion.^\[[@R21]\]^ For example, microRNAs regulate the invasion and metastasis of CRC cells via the PI3K/AKT pathway,^\[[@R22]\]^ the transforming growth factor (TGF-β) signaling pathway,^\[[@R23]\]^ and regulation of matrix metalloproteinases.^\[[@R24]\]^ Similarly, the KEGG pathway analysis of tissues from different CRC stages showed that microRNAs regulated tumor-related cell signaling pathways, such as the Wnt, prolactin, insulin, Ras, thyroid hormone, proteoglycan, and choline signaling pathways. In addition, some of these signaling pathways are involved in the development of colorectal cancer, such as the Wnt and Ras signaling pathways.^\[[@R25],[@R26]\]^ Based on the previous research, the identification of some tumor-related signaling pathways, including the p53, Wnt, and TGF-β signaling pathways, which were mapped to some pathways in CRC, such as cell cycle and survival,^\[[@R27]\]^ showed that microRNAs and their target genes were directly involved in the biological process of CRC and that CRC cell carcinogenesis was indirectly inhibited by the cell signaling pathways in different stages of CRC. Therefore, intervening in these signaling pathways may provide a new method for individualized treatment for and diagnosis of CRC.

These results suggested that microRNAs and their regulated target genes could affect the occurrence and development of CRC by regulating biological processes and that these microRNAs could play important roles in the assessment of the CRC prognosis. For example, over-expression of miRNA-21 in colon cancer was not associated with malignancy but was closely related to survival and treatment outcome.^\[[@R28]\]^ Abnormal microRNA expression also affects the biological processes and molecular functions of other tumors, such as gastric cancer, thyroid cancer and cancer of the nervous system. Thus, microRNAs could become new therapeutic tools for the treatment of malignant tumors by inhibiting or enhancing the expression of target genes, thereby affecting the occurrence and development of malignant tumors.

In summary, the microRNA expression profiles significantly differed between different stages of CRC. The target mRNAs regulated by the affected microRNAs were mainly involved in biological processes, cellular components and molecular functions. MicroRNAs are involved in the entire CRC development process and have particularly important clinical value for the early diagnosis and prognostic evaluation of CRC.

Abbreviations: AGCCC = Affymetrix Gene Chip Command Console, C = cancer tissues, CRC = colorectal cancer, CS = cancer-surrounding tissues, GO = gene ontology, KOBAS = KEGG Orthology-Based Annotation System, LC = late cancer tissues, LCS = late cancer-surrounding tissues, MPS3 = mucopoly-saccharidosis type III, PC = primary cancer tissues, PCS = primary cancer-surrounding tissues, SAM = significance analysis of microarray, TAC = Transcriptome Analysis Console, TGF = transforming growth factor.
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